Brief information about water balance of the Carpathian temperate forest ecosystem are presented in the paper. Experimental research was done in a mature mixed fir-spruce-beech stand in the research plot "Poľana-Hukavský grúň" (850 m a.s.l.) in the south-eastern part of Poľana Mts. in the Biosphere Reserve UNESCO in Central Slovakia. Individual parameters of water budget have been continuously monitored. The water consumption of the model beech trees, as well as approximate model beech stand transpiration was estimated on the basis of sap flow measurements and up-scaling through dendrometrical approach. Sap flow of model beech trees was estimated by direct, non-destructive and continuous measurements by tree-trunk heat balance method with internal heating and sensing of temperature. These values were compared with potential evapotranspiration according to Türc. Precipitation parameters (rain and snow precipitation, through-fall precipitation, stem-flow, fog/snow precipitation and infiltration) have been measured simultaneously. Results of mass water balance and the portion of the tree transpiration within the individual water flows are presented. Evapotranspiration of beech-fir forest ecosystem in the middle mountain region (850 m a.s.l.) includes: transpiration (35% of precipitation total), interception (21%), evaporation (8%). There are differences between tree species in mass of transpirated water. Transpiration of spruce and fir reaches two-thirds of beech transpiration. Fog precipitation contribution to the water balance of beech-fir stand is 5%. Concurrently fog precipitation lowers the interception losses of vertical precipitation.
Introduction
Mixed beech-fir stands are the most productive forest communities in the West Carpathians. These ecosystems are in their production optimum within a band of 700-950 m a.s.l. (Randuška et al., 1986) . It is evident that favourable bioclimatic conditions of beech-fir stands provide the main background for their high production. Forest trees grow in optimal ecological conditions. Favourable are mainly temperature regime and balanced water regime. In the forest hydrology, tree transpiration can be a major component of the mass water balance of watersheds and may influence water yield from catchments (Kaufmann & Kelliher, 1991; Granier et al., 2000; Čermák et al., 2004; Tesař et. al., 2006) . Amounts of transpirated water differ according to surface characteristics, meteorological conditions and soil water regime. Transpiration as a physiological process will be reduced under stress conditions (Hanson et al., 2001; Ditmarová & Kmeť, 2002; Pichler et al., 2004; Gömöryová et al., 2006) . Approximately 40-90% of the total precipitation is used by evapotranspiration in Central Europe (Kantor, 1990; Tužin-ský, 2004) . Analysis of precipitation-runoff processes in relation to tree transpiration have shown that forests may play a crucial role in a runoff regime especially during storm runoff events because of high transpiration and evapotranspiration (Jansson et al., 1999; Čermák & Prax, 2001; Střelcová et al., 2004) . From the above mentioned reasons it is necessary to take into account the active water management function of forest ecosystems. Therefore this paper deals with quantitative and qualitative aspects of forest stand transpiration in mass water balance and its control by environmental and biological factors.
Material and methods

Site description and plant material
Experimental research works were carried out in a mature mixed beech-fir-spruce stand (Abieto-Fagetum) ). The stand is vertically differentiated, completely closed from the end of May to the end of September, the leaf area index was 5.89 in June. The mensuration variables of representative trees are given in Table 1 .
Sap flow rate and stand transpiration
Transpiration of the stand was estimated using upscaling of sap flow readings taken at sampled trees (ČERMÁK & KUČERA, 1990; ČERMÁK et al., 2004; STŘELCOVÁ et al., 2004) . Sap flow rates for particular trees were estimated applying the tree-trunk heat balance method (ČERMÁK et al., 1973; KUČERA et al., 1977) . Measurements performed on the beech sample trees during the growing season 1996 (from 1 May to 20 October) are given in this paper.
Potential evapotranspiration
Potential evapotranspiration PET was estimated using Türc equation (TÜRC, 1961) which is exclusively based on the influence of air temperature and radiation.
where Ta is air temperature ( • C), and Rs is the total daily global radiation (cal cm −2 d −1 ).
Microclimate
Air temperature, air humidity, global radiation, precipitation above the investigated stand (34-37 m above the ground) on a meteorological tower were measured every 30 seconds and 10 minutes averages were recorded using DELTA-T equipments DL2 (Delta-T Devices Ltd, Cambridge, UK). Soil temperature was measured 0.1 m under the surface. Soil water potential was measured once a week with tensiometers situated 0.5 and 1m away from the sample trees, at depth of 15, 30, 50 and 70 cm.
Other variables
Precipitation parameters have been measured: above the canopy, under the canopy (throughfall precipitation -Hellman's rain gauges, stemflow -sillicon collars). Fog precipitation -cloud water was measured through fog collectors (according to Grunow). Water flow through the soil profile has been collected by the lysimeters at several levels (0, 12 and 33 cm) in the mineral topsoil (KUNCA, 2003) .
The mass water balance
The mass water balance of the stand was described by simplifying KAUFMANN & KELLIHER's (1991) equation, and used as follows:
where ∆W is the change in fytomass and root volumetric water content during the time period, and P, ET and R are average precipitation, evapotranspiration and runoff during this period (mm. time −1 ).
Results
Climate factors influencing transpiration
The portion of transpiration on mass water balance of the forest stand, ecosystem, or site is primarily determined by site climate conditions, that means: amount and distribution of precipitation, soil moisture content and so-called evaporative demands of atmosphere reflecting the simultaneous activities of several meteorological factors (air temperature and humidity, soil water content, air circulation). In this section, the results of the stand transpiration issuing from the actual values of the sap flow measured on model beech trees are shown. We compared values of actual stand transpiration with climate variables in particular days ( Fig. 1 ) and with the potential evapotranspiration according to Türc (Fig. 2 ). Correlation analysis of daily stand transpiration totals with the selected meteorological characteristics showed close correlation to saturation deficit (correlation index I yx = 0.86), global radiation (I yx = 0.76), air temperature (I yx = 0.75) and potential evapotranspiration (I yx = 0.91), the last is shown in Fig. 2 . Under unlimited soil moisture actual stand transpiration can be assumed as potential stand transpiration. It means that potential stand transpiration is dependent only on the values of selected meteorological characteristics and stand characteristics such as age, tree species composition, and structure.
Biological factors influencing transpiration
Transpiration is determined not only by the meteorological conditions and climate factors but also by biological factors, e.g. plant species and their anatomical, morphological, physiological properties and health, bio sociological position in the stand, influencing tree crown irradiance or shading. From the point of view of the tree social status in the forest stand, we can state Influence of tree transpiration on mass water balance Fig. 2 . Relationship between potential evapotranspiration according to Türc (1961) and stand transpiration of Hukavský grúň beech stand calculated from sap flow measurements on sample beech trees (n = 117, p < 0.001).
that the transpiration of subdominant individuals represents 10-30% of the dominant tree transpiration val- ues (Střelcová & Minďáš, 2002) . The value of daily transpiration totals of individual trees is proportional to their leaf area and their irradiation intensity. As leaves of the subdominant individuals get the direct radiation only exceptionally, or none, the water consumption for cooling, especially during clear sunny days, is several times lower than the one of co-dominant and dominant trees (Fig. 3 ). There are also differences between tree species in mass of transpirated water. Transpiration rate of spruce and fir reaches about two-thirds of beech transpiration rate at same conditions.
The role of stand transpiration in mass water balance
The values of transpiration estimated from the measured data summarised in Table 2 were in all months lower than the values calculated according to Türc - representing the values of the potential evapotranspiration. The difference was the most remarkable in May, reflecting the fact that the real transpiration was limited by the stage of development of the leaf area. When the leaves had been fully developed (June, July and August), stand transpiration is relatively high compared to PET. This situation can be explained by large leaf area S308 K. Střelcová et al. of beech stand (leaf area index LAI = 5.89) compared to the grass stands discussed in PET calculation according to Türc. In addition, over the forest stand there is an intensive turbulent exchange of water vapour on the boundary layer of the atmosphere with enhancing effect on transpiration. Nevertheless, empirical calculations of evapotranspiration do not take this event in to consideration. PET in July is very similar to precipitation. In these period trees drained the water accumulated in the soil during spring that resulted in decreased soil water potential in August -500 hPa to -800 hPa at depths of 15, 30, 50 and 70 cm. The stand evaporated through transpiration 35% from the precipitation total in the vegetation period (Fig. 4) . This figure presents the results of the water budget and the portion of the tree transpiration within the individual water flows. Evapotranspiration of the forest ecosystem in the middle mountain region (850 m a.s.l.) includes: transpiration (35% of precipitation total), interception (21%), evaporation (8%). Fog/cloud precipitation contribution to the water balance of beech-fir stand is 5%. Concurrently fog precipitation lowers the interception losses of vertical precipitation.
Discussion
We may suggest that the favourable temperature conditions in beech-fir stands, primarily over the growing season, are the main factors influencing high transpiration of these ecosystems. Beech trees transpiration rate is about 1/3 higher than spruce trees transpiration rate (Střelcová & Minďáš, 2001) . Drought in the upper soil layer reduced transpiration of spruces more than of deciduous trees due to differences in physiological properties and vertical root distribution (Kravka et al., 1999; Oltchev et al., 2002; Čermák et al., 2006) . Although it is important that the trees with different social status are different in their physiological activity influenced by the area and distribution of their assimilatory apparatus and its irradiance. According to Čermák (1989) , the volume of transpiration by the largest dominant trees represents 2/3 of the total volume of transpiration, but for the smallest, suppressed trees only 1/10 of the total volume of transpiration.
Interception of snow precipitation in beech stands in mountain zones is low. In such a way, the beech is ensured of sufficient water for the spring months. On Influence of tree transpiration on mass water balance S309 the other hand, cold and wet microclimate in beech -fir stands limits the water over-losses in summer through evaporation from the soil (less than 10%). The result is that the beech -fir ecosystems are characterised by a positive water balance and a moderate climate humidity also during the whole vegetation period. This fact is also reflected in formation of headwater regions in the landscape and in the important water-management role of the mountain forests.
Transpiration is a part of the entire evapotranspiration process, comprising also interception -physical evaporation consisting of evaporation of precipitation water intercepted mainly in the tree crowns and evaporation from the soil. The Slovak country is variable in topography and in local precipitation. This results in evapotranspiration variability -ranging from almost 95% in south Slovakia to only 30% of the annual precipitation total in mountain regions. Schipka et al. (2005) explored the regional variability of transpiration for beech stands from 213 to 421 mm in the region of Central Europe. Kantor (1990) summarised the results obtained by several authors and reported values of evapotranspiration between 350-610 mm in beech stands. Novák (2001) suggests that the intensity of evapotranspiration is mainly influenced by two factors: the supply of energy necessary for the phase change and sufficient (or insufficient) supply of water. About 25% from the evapotransporation intensity can be controlled by the properties of the ground layer of the atmosphere and by the properties of the evaporating surface. If the water supply is sufficient, the seasonal course is primarily governed by the course of energy supply to the evaporating surface. European beech has the capacity to maintain high transpiration rates in Central Europe both under humid and under partly dry summer climates (Granier et al., 2000; Schipka et al., 2005) . If the soil water is the limiting factor, the evapo-transpiration intensity decreases in dependence on the soil water availability (Čermák & Prax, 2001; Schume et al., 2004; Pichler et al., 2004) . We can conclude that, under the same conditions, the evapotranspiration from forests is in about 10-15% higher than that from grass stands (Novák, 2001; Střelcová at al., 2004) . This is caused by high interception of forest stands and their higher transpiration rate resulting from the several times higher leaf area index.
The analysis of individual components of the water balance in mixed Carpathian forest ecosystem at the locality Hukavský grúň in the Biosphere Reserve Poľana revealed that the leading output component of the water balance is evapotranspiration controlling the amount of water running off from the territory of a forest ecosystem. Evapotranspiration includes: transpiration (35%), interception (21%) and evaporation (8%). Therefore, it is essential to consider these facts in assessment of the water management role of the forests in the landscape and in planning forest management primarily in areas endangered by floods.
